
Source URL: https://www.cirm.ca.gov/about-cirm/publications/design-experiments-approach-engineer-cell-secreted-matrices-directing

California Institute for Regenerative Medicine

Design of Experiments Approach to Engineer Cell-Secreted Matrices for Directing Osteogenic Differentiation.

Journal: Ann Biomed Eng

Publication Year: 2010

Authors: M L Decaris, J K Leach

PubMed link: 21120695

Funding Grants: UC Davis Stem Cell Training Program

Public Summary: 

The presentation of extracellular matrix (ECM) proteins provides an opportunity to instruct the phenotype and behavior of responsive

cells. Decellularized cell-secreted matrix coatings (DM) represent a biomimetic culture surface that retains the complexity of the natural

ECM. Microenvironmental culture conditions alter the composition of these matrices and ultimately the ability of DMs to direct cell fate.

We employed a design of experiments (DOE) multivariable analysis approach to determine the effects and interactions of four variables

(culture duration, cell seeding density, oxygen tension, and media supplementation) on the capacity of DMs to direct the osteogenic

differentiation of human mesenchymal stem cells (hMSCs). DOE analysis revealed that matrices created with extended culture duration,

ascorbate-2-phosphate supplementation, and in ambient oxygen tension exhibited significant correlations with enhanced hMSC

differentiation. We validated the DOE model results using DMs predicted to have superior (DM1) or lesser (DM2) osteogenic potential for

naive hMSCs. Compared to cells on DM2, hMSCs cultured on DM1 expressed 2-fold higher osterix levels and deposited 3-fold more

calcium over 3 weeks. Cells on DM1 coatings also exhibited greater proliferation and viability compared to DM2-coated substrates. This

study demonstrates that DOE-based analysis is a powerful tool for optimizing engineered systems by identifying significant variables

that have the greatest contribution to the target output.

Scientific Abstract: 

The presentation of extracellular matrix (ECM) proteins provides an opportunity to instruct the phenotype and behavior of responsive

cells. Decellularized cell-secreted matrix coatings (DM) represent a biomimetic culture surface that retains the complexity of the natural

ECM. Microenvironmental culture conditions alter the composition of these matrices and ultimately the ability of DMs to direct cell fate.

We employed a design of experiments (DOE) multivariable analysis approach to determine the effects and interactions of four variables

(culture duration, cell seeding density, oxygen tension, and media supplementation) on the capacity of DMs to direct the osteogenic

differentiation of human mesenchymal stem cells (hMSCs). DOE analysis revealed that matrices created with extended culture duration,

ascorbate-2-phosphate supplementation, and in ambient oxygen tension exhibited significant correlations with enhanced hMSC

differentiation. We validated the DOE model results using DMs predicted to have superior (DM1) or lesser (DM2) osteogenic potential for

naive hMSCs. Compared to cells on DM2, hMSCs cultured on DM1 expressed 2-fold higher osterix levels and deposited 3-fold more

calcium over 3 weeks. Cells on DM1 coatings also exhibited greater proliferation and viability compared to DM2-coated substrates. This

study demonstrates that DOE-based analysis is a powerful tool for optimizing engineered systems by identifying significant variables

that have the greatest contribution to the target output.
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